Abstract
INTRODUCTION
Due to the growing of fast processor, many researches today show great interest to develop new or to modify PWM control algorithm to obtain good performances of ac drives. The conventional PWM method known as sinusoidal pulse-width modulation (SPWM) is one of the simple technique in voltage source inverter (VSI). This technique applies simple control strategy by comparing the three-phase modulated signals (known as reference signal) with carrier signal. In this technique the switching frequency is depends on the carrier switching. The amplitude output voltage can be varied by controlling the modulation index defines as in [1] . (1) Traditionally the SPWM technique is widely used in variable speed drive of induction machine, especially for scalar control where the stator voltage and frequency can be controlled with minimum online computational requirement. In addition, this technique is easy to implement even with simple analogue ICs circuits. However, this algorithm has the following drawbacks. This technique is unable to fully utilize the available DC bus supply voltage to the VSI. This technique gives more total harmonic distortion (THD), this algorithm does not smooth the progress of future development of vector control implementation of ac drive. These drawbacks lead to development of a sophisticated PWM algorithm which is Space Vector Modulation (SVM). This algorithm gives 15% more voltage output compare to the sinusoidal PWM algorithm, thereby increasing the DC bus utilization. Furthermore, it minimizes the THD as well as loss due to minimize number of commutations in the inverter. This algorithm has been modified to improve the ac drive performances by many researchers as in [2] [3] [4] [5] [6] and [7] . For instance, the SVM has wide prospect of research that need to explore especially to improve dynamic performance in overmodulation range and for matrix converter applications.
SPACE VECTOR MODULATION
The three-phase line to neutral sine waves required for 3-phase load can be represented as 1200 phase-shifted vectors (v a , v b and v c ) in space as shown in Figure 1 . For a balanced load, 3-phase connected system, these vectors sum to zero. At any time instant the three-phase load voltages can be expressed by a single space reference vector v* as shown in figure 1 . In space vector modulation strategy, the motor frequency and the motor voltage can be controlled by controlling the amplitude and the frequency of v*. This PWM control strategy of the inverter can be applied to the various technique of ac motor drive such as scalar control, field oriented control and direct torque control. 
where i s is an instantaneous quantity and it is not a phasor quantity. The i s can be written as a complex number, (4), by applying the Euler Theorem, the real and imaginary components can be obtained as Separate into real and imaginary terms and hence the expressions for the two axis currents in terms of the three-phase currents can be determined as The inverter bridge shown in Figure 4 , uses six IGBTs switches. For safe operation of the VSI, whenever one switch of a half bridge is turn on, the other switch of the same half bridge must be off and vice versa. That is mean three independent PWMs are generated for the three half bridge. This gives rises to eight distinct switching states of VSI, where states 1 through 6 are called the active states and states 0 and 7 are called the inactive states. The inverter does not generate purely sinusoidal voltages to the load, but depending on switching states of the transistors it generates voltage vectors v 0 , v 1 ,….,v 7 which are shown in space vector hexagon in Figure 5 . As seen in Figure 5 , the zero voltage vectors have zero voltage amplitude and located at the origin of the hexagon. The space vector hexagon has six sectors which are divided into six equal sized sectors of 600. Each sector is bounded by two active vectors. The locus of the circle is projected by the space vector v* depends on v0, v1,….,v7 . Mathematically, it can be represented by equation 10.
where Ts is the sampling time.
The reference space vector rotates and moves through the different sectors of the complex plane as shown in figure 5 as time t increases. In each PWM cycle, modulation vector v* is sampled at the fixed input sampling frequency 2fs. During this time, the sector is determined and the modulation vector v* is mapped onto two adjacent vectors. Figure 6 shows the reference vector v* in sector 1, with the adjacent vectors v1 and v2. In general the two adjacent vectors in all sectors can be expressed as v k and v k+1 (11) where k is which sector that the modulation vector v* lies.
In the vector modulation it is considered that the reference vector v* is constant and stationary in the complex plane, during the sampling interval Ts. As depicted in equation 9, the reference voltage vectors v* is equal to the time average of the voltage vectors applied to the load during the sampling interval Ts (Ts=2fs, where fs is the switching frequency). For example, consider the v* is stationary in sector 1 at a vector angle α as illustrated in figure 6 . Using equation 9, the v* can be determined as 
It can be clearly seen from equations (18) to (20), that the on-times t1, t2 and to depend on the magnitude and angle of the reference vector v* and on the sampling time Ts.
In [1] , the optimization of the switching sequences is proposed by locating the zero voltage vector v7 as the last vector in the switching sequence within a sampling interval and by locating vo as the last vector in the reversion of switching sequence with respect to the sequence of the previous sampling interval. The optimal vector commutation and switching sequences is illustrated in Figure 7 . From figure 7 , it can be seen that the change from one vector to another is obtained by switching the transistor in one phase. In this way, the number of commutations and the switching losses in the power semiconductors can be minimized.
THE SPACE VECTOR MODULATOR
In this section, the description of the space vector modulator is discussed. The space vector modulator is constructed using Matlab/Simulink. The space vector modulator (SVM) contains six blocks, shown in the following figure. These blocks are described below. The three-phase generator is used to produce three sine waves with variable frequency and amplitude. The three signals are out of phase with each other by 120 degrees. The inverter demanded frequency and voltage are two of the block inputs. The dc voltage to the inverter is measured from the DC bus voltage measurement. This measure is used to compute the voltage vector applied to the motor. The three to two transformations converts voltages from the threephase to the two-phase system using Park's Transformation Theorem.
The block of vector selection is used to find the sector of the two-axis plane in which the voltage vector lies. The two-axis plane is divided into six different sectors spaced by 60 degrees. The ramp generator is used to produce a unitary ramp at the PWM switching frequency. This ramp is used as a time base for the switching sequence. The switching time calculator is used to calculate the timing of the voltage vector applied to the motor (the three-phase resistiveinductive load is represented as three-phase induction motor). The block input is the sector in which the voltage vector lies. The logic gates receive the timing sequence from the switching time calculator and the ramp from the ramp generator. This block compares the ramp and the gate timing signals to activate the inverter switches at the proper time.
SIMULATION RESULTS
Simulation results were performed using Simulink block as shown in Figure 8 . The dc bus VD is equal to 220V, is connected to the input of the inverter. For the linear operating range the v* must not exceeds the boundary of the hexagon. Therefore the maximum amplitude of the desired v* is calculated as Figure  10(b) shows that the locus of the space vector current has less ripple and exhibit a very low distortion due to switching frequency of 5 kHz. In addition, Figure 11 shows the spectrum of phase current harmonics and gives the THD 5.71%. 
CONCLUSION
Space Vector Modulation only requires one reference space vector to generate threephase sine waves. The amplitude and frequency of load voltage can be varied by controlling the reference space vector. This algorithm is popularly used in ac drive applications. Furthermore, this algorithm is flexible and suitable to use for advance vector control. The strategy of the switching minimizes the distortion of load current as well as loss due to minimize number of commutations in the inverter.
